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Mr. Claudi Westh, pioneer of the wind energy 
utilization in Denmark, in Nibe, Background : 
the 600 kW Nibe Wind Turbine "A" under inspection 
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Each blade was ! 


a) a universal 1 


and through 


b) the two stiff 
length from 1 
on the main-s 


main bearing 


vice during the Second World War. All of them had the following 
characteristic features: 


The propeller works upwind. 


The towers are of the steel truss or reinforced concrete type 
(fig. 1-5). 


The main shaft has 10" inclination (to horizontal) pointing 
upwards from the gearing towards the propeller. 


Each blade is connected to the main shaft partly through a uni- 
versal link (at the upper end of the main shaft) and partly 
through 2 stiff steel tube stays bolted to the fish-plate on 
the blade and to a boss near the main bearing. We soon found 
it desirable to add "elastic" steel stays connected to the fish- 


plates on the blades to enable them to take up the backlash in 
the blade and stay system. 


The blades are coning 7? backwards. The pitch of the blades is 
fixed and the blades are not twisted. 


Each blade consists of a Spar of laminated wood and a hollow back- 
part fastened to the spar by gluing and/or by bolts (zag. 7, 5). 


The torque from the propeller is transmitted to a DC-dynamo 
through the main shaft and a 2-step precision gear (fig. 6). 


The DC current is passing through a Slipring system and cables 
down to the electric installation on the ground. 


The propellers rotate with variable Speed corresponding to the 
windspeed and within a ratio of about 45-90 r.p.m. for the 
2-bladed - and about 29-58 for the 3-bladed type. 


Control of the rotor speed and of the torque transmitted is ob- 


tained by a special deenergizer-rail (spoiler- cail) on each 
blade (fig. 7). 


Two winddriven sixbladed yawing devices keep the propeller up 
into the wind (fig. 3 and 9). 


The above mentioned parts are mounted on a base frame and form 
the aeromotor top unit, which can as a whole be hoisted up 


from the ground to the top of the tower by means of a quite 
Simple winch. 
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electricity, because many of them were dependent on diesel- 
motors, and diesel oil was especially scarce during the occu- 


pation. 


The project was carried out in close cooperation with two of 


F.L. Smidth and Company's subsidiary companies: 


1) "The Skandinaviske Aero Industri A/S", which at that time 


designed and manufactured various t pes of small aeroplanes. 


2) "Danalith A/S", a Danish engineering and contractor company 
specialising in the building of very high, reinforced con- 


crete chimneys and silos etc. 


Although we in Denmark - as in USA and many other countries - 
throughout many centuries had had thousands of windmills run- 
ning throughout the country, none of the three companies had 
any exact knowledge - and still less experience - as regards 
the design of Wind Energy Converters, so FLS had to begin right 
from the bottom. This meant that we first of all had to make 
thorough studies, and afterwards a number of experiments with 

a model - with a 2-bladed 4 m propeller - were carried through. 
At the same time we investigated the market, and we found out 
that there was a special interest and need for such Wind Energy 
Converters as a supplementary source of electric energy to small 
electric power stations with dieselmotordriven DC-dynamo and 
storage battery. We decided to go in for the highest possible 
technical standard aiming at high reliability and lifetime, 
good efficiency especially at relative low windspeeds, small 
maintenance cost, easy to operate and overhaul for unskilled 


staff. The units were to be suitable for remote control. 


3. Main specifications. 


In the course of a year's time a 2-bladed type with a 17,5 m 
propeller diameter (fig. 1) was designed and put into produc- 
tion, and half a year later a 3-bladed type with a 24 m pro- 


peller diameter (fig. 2 and 3) was also in production. 


The main specifications are summarized in table 1: A Comparison 


of Wind Turbine Generators. 


Altogether 12 FLS-Aeromotors of the 2-bladed and 7 FLS-Aero- 


motors of the 3-bladed type were manufactured and put into ser- 
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Experience with Reliability and Maintenance of the 
F.L. Smidth Aeromotors. 


By H. Claudi Westh, Denmark. 


1. Introduction. 


In what follows I shall have the pleasure to give some infor- 
mation regarding the FLS-Aeromotors, which in a total number 

of 19 were designed and manufactured by the Danish machinery 
manufacturer and engineering company F.L. Smidth & Co. during 
the Second World War. The aeromotors were in regular operation 
in Denmark in up to about 20 years. Some of them have afterwards 
been standing unaltered but out of service and without any care 


up to the present time. 


F.L. Smidth was founded in 1882 and it soon became - and still 
is - one of the leading companies in the international market 
for planning and manufacturing of machinery for cement factories 
and for similar chemical processes all over the world. In many 
cases the company deals with the complete planning and delivery 
of such factories or extensions of them, for instance as turn 
key jobs. From the thirties and up to 1°70 I was the leader of 
the company's department dealing with power and electrical mat- 
ters and equipment. 


2. Design and manufacture of Wind Energy Converters. 


When Denmark on the 9th of April 1940 was invaded by foreign 
troops F.L. Smidth & Co. was suddenly cut off from the - by far 
- largest part of their market, and the management therefore 
immediately started thorough investigations to find out which 
new activities could be taken up to keep "the wheels running" 
best possible in their workshops and keep the large staff of 
highly experienced engineeres etc. employed. 


One of the proposals selected was to start immediately the de- 
sign and manufacture of - what was at that time considered to 
be - relative large Wind Energy Converters suitable for supply- 
ing AC or DC electricity to minor electricity works and grid- 
systems and to large factories and farms, activities which had 
come in a special difficult position as regards the supply of 
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We soon found it advantageous to add "elastic" Stays from blade 
to blade (anchored to tne fishplates on the blades) to take up 
the backlash in the system. 


The root of one of the blades on the first 2-bladed aeromotor 
broke after about 6 years of service. The blade was hurled 

0,5-1 km away from the tower, which was of the steel truss type. 
The other blade continued to rotate for some hours and caused 
heavy overloads and deformation on the steel tower structure, 


before the rotor was brought to at stand still. 


5. Control and safety System. 


The cortrol of the rotation-speed and output of the propeller 
System is executed by means of de-energizers (spoilers) and a 


set of springs on the blades and a mechanical remote control 


system from the ground floor in the tower. (Fig. یڈ‎ W, V; 190). 


The control system acts as follows: 


The propeller cannot be directly started by the wind. It must 
be started electrically by means of the dynamo acting as start 
motor, and the starting impulse normally comes from the anemo- 
meter (i.e. the start propeller), which is placed on top of the 


housing protecting the dynamo, the precisiongear etc. 


The start propeller can only establish the Starting sequence, 
when the propeller is in upwind position and sufficient wind is 


present. 


When the main propeller is accelerated to a speed cf about 25 
rpm. and if the windspeed is sufficient, the wind can pull the 
rotor to higher speed, and the unit will automatically take over 
load corresponding to the wind Speed, and will run at correspon- 
ding rotation speed directed by the characteristic of the coun- 


ter compoundwinded dynamo. 


A de-energizing rail (spoiler rail) is mounted upon each blade 
and is kept in the neutral position (the rail plane approximate- 
ly parallel with the blade plane) by a governor Spring mounted 
in a springbox near the root of the blade. The rail is connected 


to the spring with a bracing wire. 





Fig. 10. Top 


little more into details as regards the design 
ng experience with various parts of the aeromo- 
and 3-bladed types in principle only differ in 


e propeller, the following comments all refer 


of the 3-bladed type. 


sted of a spar and a hollow backpart (fig. 7 
^ was laminated and made of sticks or boards of 
t 5 cm thick and - when poss ble - of the full 


r. The boards were at each end carefully sharpened 


ly glued together. When possible they were built 
h quality oregon pine alternately with high qua- 
| glued together using the best available clue, 

t time a KXasein-glue. 

t was made of the same wood as the spa. and 

le. 


art was made of plywood formed over ribs glued 


refully worked to the proper airfoil (profile) 
with a special lacquer. 

七 the hollow plywood backpart had to be exchanged 
period of about 5 years, whereas the spar and 
period only needed a carefull treatment with spe- 
; these overhauls were carried through after the 
e to replace the plywood skin with corrugated 


ets, the lifetime of which proved to be very 


.ades were maintained by painting (using for in- 
letic lacquer 257). 
ept in position through 


ink at the free (front) end of the mainshaft 


` stays between the fish-plate (2/5 of the blade- 
he root) and the intermediate supports on a hub 
shaft, the hub being plated on a boss near the 

of the shaft (fig. 10). 
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The unit was taken out of service in 1958 a 


operation and without any maintenance. The 
were apparently still in order in 1974. In 
broke just outside the fish-plate and fell 
In about 1978 all blades were dismantled. A 


whole top unit (except the wooden blades) i 


and the tower is perfect. 


Similar lifetime events seem to be experien 


23 


Ullerslev unit. 


As far as I know none of the reinforced concrete towers have re- 
quired maintenance. Their lifetime seems to be almost unlimited 
unless exposed to extraordinary stresses as for instance due to 


earthquakes, and these are unknown in Denmark. 


7. The top unit. 


The main shaft was built into the bottom of the heavy casing 

of the precision gear, which in two steps increase the rota- 
tion speed in the ratio 1:24,7 for the 3-bladed type. This 
corresponds to a maximum speed of the dynamo of about 1400. The 
high-speed shaft and the primary tooth wheel was in one piece 
and hollow so that the flexible, safety coubling and the brake 


disc could be built into and onto it. 


The casing of the precision gear was welded to the base frame. 
This frame rested on a gear rim on top of the tower, so that 


the top unit could rotate about the tower axis driven by the 
yawing device. 

The top unit could as a whole (exclusive of the propeller blades) 
be hoisted up or lowered by means of a quite simple crane equip- 


ment, which was included in the delivery. 


The general experience was that the machinery worked perfect so 
a long lifetime could be expected provided the equipment was 
kept running under normal maintenance and working conditions. 
For the sake of order should however be mentioned that one 


main-shaft bearing and one flexible safety coubling have had 
to be exchangeed. 
Elaborate instructions, spare parts list etc.were always handed 


over to the clients. 


8. The FLS-Aeromotor at Gedser. 
With the 3-bladed aeromotor at Gedser the life-time experince 
has been as follows: 


Started up about 1941. 
Overhauled about 1946. The hollow plywood backpart was at that 


time replaced by Burma-bright corrugated sheets. 


The rotating system was designed for a maximum rotation Speed 


of 65 rpm, and the unit as a whole for a wind speed of up to 
50 m/sec. 


The yawing devices have acted fully satisfactory. 


The lightening rod system with ground electrodes and with 
earthing conductors cast in the walls of the towers have appa- 
rently also acted satisfactory. 


Only two accidents on the DC-dynamos were reported. The one was 
rious and it might have been caused by en overvoltage wave 
coming from the gridsystem to which the electricity work was 


connected. The other accident was quite small and it is not 
known how it arose. 


The elctric remote control System combined with various over- 
load and overvoltage control systems have worked satisfactori- 
ly, but in the beginning we found it necessary to exchange 


some of the first delivered relays with extraordinary, heavy 
ones. 


6€. The towers. 


AS previously mentioned the first two aeromotors delivered were 
of the 2-bladed type. Both towers were of the steel truss type 
with bolted connections. These CO, nections were soon after the 
Start carefully welded after which the towers acted satisfac- 
torily. All the other units were provided with reinforced (not 


prestressed) concrete towers, which were cast discontinously 


E 
ach tower was placed on a heavy foundation plate. We experienced 
, 


tha | 
t on a weak ground the towers might come into resonance oscil- 


HN which in one case caused deterioration of the casting 
Joints of the towershell. We therefore found it necessary to 
provide the concrete towers with pilasters and in some cases 
with an extra-heavy foundation plate. 


It was not found necessary to provide the unit at Nex@ - on the 
island Bornholm - with pilasters, because the unit was placed 


on a rock (fig. 1). As will be seen from the photo it was placed 
"Off shore" in the baltic sea. 





Each springbox can be turned round a fastening bolt (mounted 
on the root of the blade) by a windlass (which is placed at the 
bottom of the tower) and a system of pipes etc. through the cen- 


ter of the tower and through the hollow main shaft. 


Inside the vertical pipe (leading from the windlass to the top 
unit) is placed a steel wire through which the brake on the high 


speed shaft of the precisiongear can be activated by the windlass. 


When the spring boxes are being turned out of the neutral posi- 
tion the main propeller speed and the output will be decreased 
- this is called "de-energizing" - and it is the first step of 


the normal procedure to stop the propelier. 


In the next step to stop the propeller the brake on the primary 
shaft of the precisiongear can be activated by tightening the 


steel wire through the vertical pipe. 


When the speed of the rotor approaches or exceeds the permissible 
maximum speed, the centrifugal forces on the de-energizing rails 
(spoiler rails) counteract the pull of the springs through the 
bracing wires "trying" to move the rails outwards. When this 
happens the rails are forced to turn more or less out of its 
neutral position (i.e. approximately parallel with the blade- 
plane) due to the special design of the three bearings and spind- 
les, which connect the rail to the blade. The more the rail is 


turned out of the neutral position, the less effective works 
the blade. 


The start propeller (anemometer) (fig. 6) has - further to its 
function in connection with the starting up of the main propel- 
ler - an important function as part of a safeguarding system, 
which "de-energize and brake" the main propeller in case the 
wind is coming "from behind" by which the rotor may be subjec- 


ted to dangerous stresses. 


The experience with this control and safety system, (which FLS 
introduced because it was considered too risky to jump into the 
extraordinary and difficult job to design and construct a pitc- 
change mechanisme for the blades) have been acceptable. We were 
on our guard against difficulties due to icing or dust in the 


bearings and the like, but serious complications were not expe- 


rienced. 
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TABLE I 
A COMPARISON OF WIND TURBINE GENERATORS 
MAY, 1975 

















-Aeromotor. 


Fig. 4. Design of blades and rotor-hub on 2-bladed FLS 
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3. Drawing of the 3-bladed FLS-Aeromotor 


Fig. 








3-bladed FLS-Aeromotor. 
Rotor diameter 24 m. Rated power 60/70 kW DC 





2-bladed FLS-Aeromotor at Nexo, Bornholm 
Rotor diameter 17,5 m. Rated power 50/60 kW DC. 
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Fig. 
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Yawing device 
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Fig. 8. Cross section of blade (spar). 
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2-bladed FLS-Aeromotor with a steel truss tower. 
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Fig. 





Fig. 10. Top unit. 
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()— Smeres hver 8. Dag med Pedt (SKF-Kuglelejefedt). 
E " Smeres -en Gang om Maaneden med Clie. 























ELEKTRISKE DELE. 


Dynamoen og Magnetiseringsmaskinen er foreynet med Kuglelejer. 23666 Lejer skal smøres red Kuglejeje- 
s hver 8' Dag med Fedt. fedt, f. Eke. SKF. Man maa passe paa, ikke ved Overdreven Smoring at presse Fedt ind i ۵8۰ 
0 Lejerne skal helst renses een Gang om Aaret med Bengin og forsynes med frisk ۰ 


۱ d Gargoyle Mobil Grease Nr, 2 
‘es efter Behov me - | VEDLIGEHOLDELSE. 
jr et lignende Smgremiddel. 


1 Maane 5 | Gummibesninger udskiftes, naar de er slidt eaa meget, at de to Koblingvhalvdele kan drejes ca. 2 mm 
ies og fyldes med Fedt een Gang hver 3 .. i Porhold til hinanden (maalt paa "iameter = 220 mm). 


Under haard Prost maa der udvises earlig Forsigtighed, naar Aeromotoren skal startes fra kcid Til- 
stand, Olien i Gearboxen kan nemlig vere stivnet saa meget, at den inden Starten maa 678 :” ዝይ6 for 
at sikre 8::3፲2:56 af Gear og Lejer. Eksempelvis kan anferes, at en Olie som Vacuum 0121 DTE extra 


heavy er uegnet ved Temperaturer under + 10° ር. 


The top-unit rests and slides on the worm wheel which is anchored to 
the reinforced concrete tower. Safety claws engage with the worm wheel. 





32 
































23 


6th IEA-Expert Mee! 


Reliability and Maintenance Pr« 


Aalborg, April 29./30. 


ERECTION AND MAINTEN 
UF 
GROWIAN 


Siegfried Helm 


MAN NEUE TECHNOLOGIE, M 










20 


TABLE | 
A COMPARISON OF WIND TURBINE GENERATORS 
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-AEROMOTOR GEDSER MILL 
Designation FLS-AEROMOTOR FLS E TM imi NM ic Iype Named FLS-2 bl. FLS-3 bl, DWPC-3 bl, __NASA-L-2 bl, HASA-K-2 hl, | 
SL. Smidth Danish Wind- , NASA 
Designed by ተፍ p سو‎ power Committee Research Centre Space Corp. Generator: 

(Group a $95.79 1974-15 Rated capacity 50/60 kW DC 60/70 kW DC 200 kW AC 100 kW AC 100 kW AC 
in the years 1940 1940-41 Type Dynamo, special Dynamo, special asynchronous synchronous 8ynchronous 
In the list — ba -L-2 bl. NASA-K-2 bl. excitation excitation 
named FLS-2 ۰ FLS-3 bl. ' — at rated vind abt. 22.4 MPH = abt. 19 MPH = abt. 33.5 MPH = abt. 18 MPS = 

= speed 10-12 m/sec. 8.5-10 m/sec. 15 m/sec. 8.05 m/sec. 
II; Above rated wind 
Number manufac- J 1 1 0 speed the excess 
tured 12 Ë wind energy is 
Started up in 1941-43 1942-3 1957 To start up 






in 1975 “spilled” by 
n 


































means of De-energizing rails on blades Stalling effect Pitch change Pitch change 
mechanism mechanism 
rage approx. 10 years 
Kept in service On average on -— 16 yeare Electric control Automatic load and voltage con- 
approx. 10 years approx. outfic trol, cut-in and cut-out 
Some are still 


control and remote control 








visible ` Yes Yes Yes 







































































































Yaw control Wind driven Wind driven El-motor drive El-motor drive Hydraulic attuator 
III: Tower ' 
° Height 79 ft = 2⁄ m 79 ft = 24 m approx. 76 ft = 100 ft = 30.5 m 53 ft = 16 m 
Rotor 23 m 
Main shaft in- 10° 10° 10° horizontal horisontal Type First two: Steel truss. Prestressed con- 
clination Other sixteen: reinforced con- crete shell with Steel truss Steel truss 
No. of propeller à 3 2 2 crete shell with pilasters pilasters 
blades 2 š E Deadweight of 
57.4 ft ወ 17.58 78.7 ft = 24 m 78.7 ft = 26 m 124 ft = 37.8 m 96 ft = 29.3 m ub Dee ቀ dé» 
Blade tip dia. ° dowa-wind down-wind chinery and gene- 
Propeller placed up-wind up-wind pa rator) Abt. 19000 lbs = Abt. 28 800 lbs = Abt. 30000 lbs = 
ft. = 4844 sq. ft. = 11910 sq. ft. = 7250 sq. ft. = 8600 kg 13 000 kg 13600 kg 
ws — — e በዘዘክ፡ se ` 450 m2 1100 m2 670 m 
240 m 










Deciding dimen- 











































































sioning factor Stiffness to avoid resonance 
Normal rotor 45-90 approx. 29-58 rpm constant 30 rpm constant 40 rpm constant oscilations Designed by strength 
speed approx. 45-90 rpm PP ° اا‎ serve tite ከመይ በጨ 
Control of speed de-energizing —— us x j quency of tower 
r on blades rails on blades blade-tip (incl. top weight) Concrete towers with pilasters 
and torque by rails 
£ approx. 8 x wind as measured approx. 210 - 270 ocs. per min. 
Normal tip speed 09996 - Calculated max. 
ኸው 0 max. abt. 230 ft/ abt. 125 ft/sec መሉ ባው 29276. horizontal thrust 
sec. = 70 m/sec.) = 39 m/sec. = 80 m/sec. on tower through 13000 lbs = 33000 lbs = 
۱ top 6000 kg 15000 kg at 
1 D-spar, all 
f i d k and pine- and Spar of stee : " 30 m/ . wind 
Design of blades Spar of lam t ልል ግቦች ቁ 0 tube. Ribs of metal or compo ከስ m/sec. ህ 
+9, w wood clad with sit blades Spar blade 











Calculated mar. 
torsional load 


Naca profile ` dn dti 








































































ኣል on upper edge of 52000 lbs x ft = 
i 70 ዐ5 / tower 7200 kg x m 
— Se i Mel ga NACA-series 23000 NACA 4412 Lightning rod incl. 1ne1. 
1 NACA 23012 : - 
ችም 900 mm at r=4.5 Constant 1500 mm 1200 mm at root constant Effective ground- 
Chord width tapered to from r = 3m to to 450 - at tip ing incl. incl. 
at 6 radius t chord width 600 mm r= 11.3 m 
at r = B m, 
600 mm 
at r = 8 - 11 8 n 
N No from 3° at tip total twist 26.5 
Blades twisted NO 1 


to 15° at root from root to tip 













Pitch change e No Hydraulic Hydraulic 
mechanism No M e aiii 

Hub Universal-joint Universal-joint Rig ns 

u 






change of pitch 










N None 
7٦ of support Stay Stay Back Stay one 
ype سے‎ 
سرب‎ ጫኑ ጀን approx. 4.5 m abt. 10 m a" 
dae le in exible 
Practically stiff Flexible 
mn c ፍግ ከክ full length full length 





flapping 


Height of Pro- 
peller center 
above ground 






























Gearing: 
Between rotor 















- le chain Standard pre- 
- 4 preci- Standard Pre Doub 
— a cae cision gear drive cision gear Gearbox 
rator nin 
1 Fixed 1:15.1 Fixed 1: 4.7 Fixed 1:25 Fixed 1:45 
Ratio 
Flexible safety Flexible safety 
14 ርዕ 
— É coupiing coupling 





Fig. 3 


Maintenance of 
































The advantage of this procedure is that risk involved in 
assembling parts 100 m above the ground under difficult 
conditions is eliminated to a large extent. Similarly, 
because as much pre-assembly work as possible is carried 
out in the production plant, the expenditure on assembly 
at the site is kept to a minimum. 

Some of the resultina pre-assembled assemblies, e.q. rotor 


blades, pendulum hub with blade mounting, nacelle weigh 
over 80 t. | 


In order to carry out assembly in the way described, 
concessions had to be made in the design stage which have 
nothing to do with the actual function of the plant but 
have a marked effect on its shape and construction. 


The basic points are: 


- a uniformly slender cvlindrical tower. Because the 
nacelle has to be moved up and down, the diameter of 
the shaft must be constant. The diameter of the 


superimposed nacelle is determined from that of the 
shaft 


shaft braced at considerable height. In order to 
achieve static stability under load and to raise the 
tower's natural frequency to a range suitable for 
operation of the plant. Lateral support at approx. 
4/5 of the height of the tower is required 


conical angle and inclination of rotor. Assurance 


that the brace ropes do not interfere with the rotor 
blades 


- boom on nacelle to serve as counterweight during the 


lifting process 


1. Assembly procedure 


The basic construction of GROWIAN consists of the followina 


steps: 


1. Foundations for tower shaft and bracing 


Because the ground is in itself unable to support the 
structure, piles must be sunk down to 17 m into the 


firmer cround (Fia. 1.1). 


Erection of the first two sections of the tower to a 


height of approx. 18 m (Fig. 1.2). 


The torso (middle part) of the nacelle with the complete 
mounting for the wind trackina system is lifted over the 


stump of the tower (Fic. 1.3). 


Completion of the tower shaft 


While this work is in proaress, the torso of the nacelle 
is covered to protect it acainst smaller falling parts 


(Fig. 1.4). 


Assembly and fitting out of nacelle, attachment of 
boss (supplied complete) and assembly of rotor blades 


on the ground (Fig. 1.5). 


Hoisting of nacelle to approx. 30 m and attachment 
of auxiliary bracing to the tower to stay it while 


hoisting continues in strong winds (Fig. 1.6) 


Nacelle hoisted into final position with 6 hydraulic 
hoists. The bracing ring with cables is lifted up 
together with the nacelle. When the bracing ring has 
been fastened to the shaft and the cables tightened, 


the auxiliary bracina is removed. 








GROWIAN at Kaiser-Wilhelm-Koog (artist's view) 
rotor diameter 100,4 m, hub height 100 m 


Fig. 1: 


The size of GROWIAN, in particular the height of the tower 
and the individual dimensions of the nacelle make extremely 
heavy demands on the ancillary equipment for its assembly 
and maintenance (Fic. 1, overall view). These requirements 
can no longer be satisfactorily met by the use of cranes. 
There are mobile cranes with a jib height of over 100 m 
and these are used to assemble individual tower segments, 
but in order to position the complete nacelle, even the 
carryina force of two or three such cranes is insufficient. 
The erection of heavy, non-mobile auxiliary cranes is indeed 
possible, but expensive and demands foundations similar to 
those of GROWIAN itself. This method seems particularly 
unrealistic, if we assume that, durina the service life of 
GROWIAN, larger components will have to be stripped or re- 


moved for maintenance, which would involve reconstruction 


of the cranes. 


The alternative of dividina the nacelle into sections of 
manoeuvrable size shifts the problem and thus also the 
costs to the construction of the nacelle and its assembly 
100 m above the ground with the technical difficulties 


resulting from the unfavourable wind conditions. 


Comparison of the costs and technical problems led to the 
adoption of the following assembly scheme: the tower serves 
as an auxiliary crane, by means of which the complete top 


part of the tower, consisting of nacelle, hub and rotor 


blades are hoisted up. 
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Even if the plant f 
will very probably | 
during the 20 year : 


important of these . 


. cleaning and r 


rotor blades 


. chancing lubri 
main bearings 
and in the hyd 


. exchange of pa 
the plant, suc 
the actuating 


discs, sliprin 


touching up th 


and out. 


In addition to thes 
necessary somewhere 
The auxiliary devic 
case, but the major 
dealt with quickly 
the nacelle at grea 


which has to be sup 


The relatively high 
balanced by the fol 


. standstill tin 
because of the 


Cranes or for 


savings result 
expensive auxi 
lower technica 


at “place of w 





Accessibility of hub by means of crilles and ladders 
to permit maintenance of actuating mechanism and the 
pendulum, rotor and blade pitch bearings 





Maintenance 








As with the assembly, the size o* the plant requires that 
special attention be paid to the maintenance aspect. 
Various parts will have to be repaired or exchanged durinc 
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Crane in the nacelle, which can be extended out beyond 








the estimated 20 year service life of the plant. the hub for manoeuvring heavy components 


Because a crane would have to move relative to the plant, 
it can be used only in individual cases; repair of erosion 


damage on the rotor blade or exchange of worn parts of the 





Facilities for fixing rotor and pendulum frare to 
nacelle 













Hatches in the casing for access usinc the nacelle crane. 

















actuating drive cannot be carried out in this way. 
If the whole of the top of the tower were to be disassembled, 



























however, this would be expensive and involve standstill per- 
iods, which adversely affect the economy of the system. 
Therefore, wherever it was expected that repeated maintenance 
or exchanae of wear parts would be necessary, auxiliary equip- 
ment was built into the plant to facilitate performance of 


The most important of these devices are: 









- Nacelle 




















. Hoist in nacelle for use in assembly and maintenance 


The hoist is stronc enough to carry the heaviest 


1.2 








such work. 





installed assemblies (generator, slipring body etc.) 





. Flaps in the front of the nacelle and deflection pulley 





- Blade mounting (Fig. 2) 








on ridge for raising and lowerinc heavy assemblies 






Space for movement and transport of spare parts 




















within the area of the blade mounting 
It will not be known until GROWIAN is in operation which 





Auxiliary centring and fixina devices for the 


maintenance work is necessary Or more importantly how 





blade while a bearing is being exchanged 





The aim at first is to inspect all constructional 
elements vital to the safety and service life of the plant 
at relatively short intervals. 
















Assembly of GROWIAN 


Figs. 






- Rotor blade (Fig. 
















A decision will be made 
later based on the results of these inspections. 

A handbook will set out the individual inspections and 
the routine work and will specify the steps to be taken 





Pendulum hub can be slewed until tne blade to be 













maintained is in contact with the tower 






Device for fixing rotor blade to tower 





when more involved maintenance is necessary, ‘such as the 


- Hub and blade, pitch adjustment (Figs. 4 and' 5) 
exchange of worn parts, touching up the anti-corrosion 


coating etc. 








Movable maintenance platform to permit service of 











rotor blades (in the aerodynamically effective area 





between R = 0.3 and R 
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. Opportunity of using cheaper and/or more readily 
available elements which have a lower service life 
than the plant as a whole 


improvement of the technical concept of the plant 
because of the possibility of using construction 


principles which permit the installation of wear 
parts 


In conclusion, it should be emphasised again that all 
expenditure, some of which is considerable, on assembly 


but also on maintenance is occasioned by the sheer size 
of the plant. 


Plants of this size require one of t.ree things: 


an almost completely maintenance-free design (which, given 


the present extent of empirical data must be something of a 


Utopia) or the availability of sufficiently larae (expensive) 
cranes with extra equipment, Or the incorporation of such 
auxiliary devices into the plant itself, 


In the case of GROWIAN, the path taken has beenthe last of 
these three. In addition to rather higher investment costs, 
this solution has also determined the entire appearance of 


the plant. GROWIAN has, so to speak, been practically built 
around assembly and maintenance. 
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anctions satisfactorily, certain jobs 
have to be carried out one Or more times 
service life of the plant. The most 


Are: 


epairing the composite skin of the 


cants and other fluids in all the 
(rotor blades, rotor, azimuth bearing) 


raulic devices 


rts with a shorter service life than 
h as damping elements, elements of 
drive subject to high stress, brake 


as etc. 


ሬ anti-corrosion protection both inside 


~= 


e, unforeseen repairs which become 
in the plant are to be expected. 
es installed cannot cater for every 
ity of cases will be able to be 
without the necessity of disassembling 
t expense or of usina auxiliary equipment 


plied from elsewhere first. 


| cost of constructing the plant is 


lowing advantages: 


e avoided; this could be considerable 
| sheer size (no need for iarge auxiliary 


disassembly of nacelle) 
ing from no necessity to purchase 


liary equipment, high availability, 


( risk because of safer conditions 
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Maintenance of 


Fig. 








SYDKRAFT 


Swedish Contribution/Céran Tillberg/Ebn 1981-06-26 


Maintenance of a windpowerstation means that we 
need specialists in many areas. The power requieres 
one category of persons, the mechanical System a 
second category, the electrical Systen a third 
category, the electronic system and the computer 
System still another category of persons, This 
meens that you need a rather big company to do 
Service and maintenance on a windturbinesystem. 


In Sydkrafts serviceorganisation we have local 

groups each consisting of 20-30 persons. The mix 
of these persons are done in such a way that they 
cover the different specialist function you need. 


These groups are located so that they can reach 
approximately 90 % of our plants within 1 hour. 
If you need special equipment as sky-lifts or so 
the time you need is 4 hour or more to get out to 
the plant. 


Finally talking about cost for service and mainte- 
nance it is very difficult to have an idea before 
you have an experience of this type of powerplant. 
But with a qualified quess I would Say about 2-3 $ 
of the total cost of the windturbine. 


Organisation 





SYDKRAFT 


Swedish Contribution/Góran Tillberg/Ebn 1918-06-26 


The most important maintenance-job are done during 
the design- and construction-phase, It is very 
important that the choice of material and the con- 
struction are done in such a way that deassembly, 
assembly, exchange and modification of different 
Systems during a lifetime of 30 year don't affect 
the system in a negative way. 


A question you must ask is: Does the buildning of 
large windmachines means that we introduce a new 
e he The answer must be that we are making new 
combinations of known technic. The only new type 
of material you can find is on some machines, the 


bladematerial. 


Talking about the enviroment the only thing to 
Say is that it some times can be hard to work 80 m 
above ground, but it is still not a new phenomen. 


What do you have to know if you want to do the 
maintenance optimal? You have to know: 
- Number of units 
- Its location 
- Wanted lifetime 
Wanted reliability 
Documents of material 
Documents of the function of the system 
Assembly instructions 


and Son on. 


Reliability and lifetime are the most important. 


If you know thees two you can formulate the require- 


ments on quality, design, maintenance-organisation 
and maintainability. 


A very important question is how you shall do the 
job up in the nacelle. The construction must be 
done in such a way that the time you are Spending 
in the nacelle are minimized. This means that the 
following items must be fullfilled. 


Important systems must be easy to replace. 


Number and types of spareparts must be 
carefully worked out, 


A well functioning transport- and lifting 
System. 


A well prepared diagnostic system. 


Policy 
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Wind Turbine System 3 - Maglarp-Sweden 


I don't have so much to tell you about "Reliability 
and Maintenance Problems of LS WECS" because our 
first unit is just now under contruction and manu- 
factoring. Because of that I first want to give 

you a brief presentation of the programme WTS3. 


Our role in the programm is to represent NE (National 


Development) in all aspects during the whole pro- 
gramm, This means that we are the host of the wind 
power plant delivered by KkrV. (The Swedish Ship= 
yard Karlskronavarvet). One reason for this coope- 
ration of NE was to ensure that we as the final 
user of wind power shall gain experience of the 
new technique as early as possible. 


Project start november 1978 

Contract signing 26 of june 1979 
Construction - january 1981 
Manufactoring - april 1981 

Factory Assembly - augusti 1981 

Site Assembly October 1981 

First run january 1982 

Delivery march 1982 
Full-Scale-Test-Period 1982 - june 1984 


In figure 1 you can see the location of the site 
Maglarp in the southern part of Sweden. 


Figur 2 shows you the principal lay-out of the 
prototype site. At the site we have an information 
building which was opened for the first time in 
the summer 1980. About 300 m away from the infor- 
mation buildning you will find the windturbine, 

At the site we also have a meteorological measure- 


ment mast, which was taken in service december 1979. 


Figure 3 shows the WTS3 with some technical data. 
The transportation from the harbour in Trelleborg 
up to the site Maglarp a distance of about 5 km 
will be done as shown in figure 4. 


The erection of the tower,nacelle and turbine are 
done at the same time as Ahown in figure 5. The 
maximum permitted wind during the lifting Operation 
is 15 m/s. The time to assembly the lifting masts 
is 2,5 weeks. The time required for the lifting 
operation itself are 3 days. 


The fact that we yet have no unit in service we 
have no experiance of maintenance, Therefore I am 
going to mentioned some-what about Our policy and 
organisation of maintenance. 


Time-Schedule 


Technical Data 


Maintenance 








Fig. 6 
Lifting heavier parts into 
the nacelle 







































































PROTOTYPE SITE 
Principal Lay-Out 


(664m!) 
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175 TON 
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information TECHNICAL DATA 


Building ~ 200 m^ ' Rated Power (14 m/s) 
Roted Voltage 
Rotordiometer 
Hubheight above ground 
s ۱ h Number of blodes 
wi ° کے‎ Downwind 
tc (/ሜ Trafo | Teetered Hub 
Free Yow 
Delta 3 
Rated speed, turbine 
Rated speed, generator 
Cut in wind 
Cut out wind 
Total weight 
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ABSTRACT 


E>TIMATING THE OVERALL RELIABILITY AND PERFORMANCE 
OF LARGE WIND TURBINES IN A UTILITY APPLICATION 


BASED ON RESEARCH TEST DATA 


By 
William A. Vachon 
Arthur D. Littie, Inc. 
Acorn Park 
Cambridge, Massachusetts 02140 U.S.A. 


A summary is presented which shows the overall weekly performance of the 
United States Department of Energy Clayton, New Mexico, 200-kW wind turbine 
(WT) over a two and one-half year period. The test data presented were 
acquired while the machine was employed as both a prototype and a research 
WT, and not as a conventional piece of generating equipment operated and 
maintained by the local electric utility. The detailed machine outages 
are examined to estimate what the machine performance would be if it were 
not a research device. ‘11 WT repairs, maintenance, and service were 
assumed to have been performed by local utility or contracted service 
crews. Furthermore, except for unique and major components, such as 
blades, machine spare parts were assumed to be on hand. Estimates of 

the projected machine downtimes for specific WT repairs and service were 
provided by the maintenance department of a large electrical utility. 

The results indicate that the estimated performance of the machines could 
be increased by up to 13 percentage points in a utility operational 
application. 


Note: Jh fhis CANE ut MIAO planned net o publish the du f ont bukon. 
Foy furrker amformation Pearse aak DOE or NASA › ያ Anal lr 
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The computer programme contains a number of 
a correct sequence control during start-up 

tests these timers must be carefully adjust 
system performance. As the brake tests com 
sequence from overspeed to standstill it is 
a complete check of the Start-up procedure 

is connected for the first time. 


Connection and disconnection of the generat 
asynchronous machine, is another important 


rejection test and grid failure tests compl. 


In the course of the programme a complete c. 


failure criteria in the protection system i: 


A list of the various tests is given in fig 


PERFORMANCE 


On the whcle the results obtained have been 


Assuming a failure in the control System the 
is able to bring the A turbine to a standsti 


speed in abcut 20 sec with the blade angle i 


Normally the braking is aerodynamic, with th 
towards negative torque angles. This is an 


stopping the wind turbines, and the most smo 
see fig. 7, 8, 9. 


Emergency stop is made by simultaneous mecha. 
dynamic braking. Of course this was extreme 
braking time being 10-12 sec from 15% oversrp: 


turbine, and less for the B turbine. 
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INTRODUCTION 


This paper describes the commissioning of the two NIBE wind 


turbines constructed in 1979. Fig. ! is a photograph of the 


wind turbines. 


The two wind turbines are identical, see fig. 2, except for 
the rotor construction and the power control. The blades " 
the A turbine are stayed, whereas the blades of the B — 
are mounted directly on the hub. The blade angle movement - 
for the A turbine which is sufficient 


ae‏ سا 


O 150 
limited from -20° to +15 


| blad fig. 
for power control by stalling the blades, see fig 


y f pitch change 
The B turbine controls the power by means of p ! q 


| Lt; Th lad are able to move 
according to the wind velocity. The blades ar 


C ሐ ia 
between -10° and «90*, see rig. 4. 


COMMISSIONING PROGRAMME 


] commissi ing crew 
As none of the members o commissioning 


| bat eni: -by-step approach 
° ` የ 11 P; Y) DV ious] y a step OY , 
experience with wind turbines o Y 


e 
ly d || programme was made for 
was needed. Consequently a detailed prog 


both turbines. 


۱ i MINES 
A most efficient tool in the planning was a series 
] S (٦ | | ጋ From these 
curves of which an example is given in fig. 5. Fro 
1 | ti tion 
curves it is possible to make an estimate of acceleration, 


! | Lous wind 
aerodynamic braking and free-wheeling speed at various w1 


velocities. 


| iind turbine 
Stop tests are of course very important for a wind turbine, 
fo hree 
and by way of precaution the programme was prepared for t 
4 


ranges of wind velocity and power. 








6th Expert Meeting, IEA 
LS-WECS Agreement 


Commissioning of two 630 kW Wind Turbines 


Abstract. 


A short description of the main data and power control beha- 
viour is given. The planning and the resulting commissioning 
programme will be described. Main results, larger difficulties, 
and important improvements are resumed, and finally the 


experience gained and the ideas for wind turbines to come are 
resumed. 


Palle Kristensen 
ELSAM 
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COLD" TESTS.. 






































This was caused by the turbine shading the wind velocity measur- 
ing instrument which was in the direction of the wind on the 
lee side. The disconnection criterion is precisely "low wind 


and simultaneous power output", i.e. a control of the correct 
measurement of wind velocity. 


EXPERIENCE GAINED 


It is from our failures and difficulties we gain the experience 


and know-how of which we profit in the design and construction 
of future plants. 


A summing-up shows that the basic construction of the turbines 


seems to be satisfactory, and that the B design seems to be more 
advantageous. 


The rotating hydraulic System is a disadvantage and should be 
omitted in future turbines. If the independent emergency pitch 
change system is unaltered then the main brake could Provably 


be replaced by a Simpler parking brake. 


Despite the micro computer difficulties in the B turbine this 


control system is doubtless the right one in a big wind turbine. 


Many problems would have been avoided had consistent quality 
assurance been observed, especially in the control system, the 
hydraulic system and all weldings difficult of access. Both the 
invitation for tenders and the construction description specified 
the relevant precautions to be taken. This, however, is no 


guarantee that the necessary measures are taken during manu- 
facture and construction. 


ዒ 


Undoubtedly quality assurance would have paid money as well as 
time. 
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All relevant improvements and modifications were made in the 
B turbine as well. The fact that this turbine was several 

months behind the A turbine programme made the commissioning 
of the B turbine much more easy, except for difficulties with 


the computer. 





The automatic control, sequencing and protection is carried | 
out by three CPU units. The sequencing part has performed | 
excellently, but the control of the B turbine being a much more 
demanding job than control of the A turbine, the B computer was 
overloaded causing numerous unnecessary - and erroneous - 


stops initiated by the protection system. 


The cause was not clearly seen as noise and poor hardware 
compatibility coincided. After some changes of the hardware, 


and reprogramming and fitting of a modified computer cassette 


` መሙ = ` 1 ` m 
pm | ጻ ግ ` ^o £ Š s ` * ہو ^ و‎ — 
n addition to these time-consuming difficulties the commis- 
“=... መ መ * 一 一 一 一 


sioning crew also had some enervating and mystifying experiences. 


Fig. 17 shows from one of the first brake tests how a disc 

brake can fade. The brake was then fitted with a controllable 
1 } | 1 " » +h 

pack pressure. This reduced the brake torque, extended the 


' " x ” as d | 
stop time and overheated the brake. Consequently, the back 


0 
"1 
(D 
ሀ 
ሀባ 
፥ 


ure control was deemed unnecessary and removed. 


At the first connections of the generator, in one case an over- 
1 } ከ፪ ፪ * 
shoot was experienced which made the generator pass the pull-out 
1 ' € 34 < 
torque and continue its acceleration, fig. 18. A perfect 


emergency stop was made by the crew. 


During one of the automati: start-ups a funny thing happened 

(fig. 19). The instant the wind turbine started to accelerate, 
the velocity of the wind began to drop. Even though the output 
was reasonably high the generator was disconnected after it had 


been connected to the grid. 









































DIFFICULTIES 


A brief survey of the progression of the programme (fig. 16) 


shows that obstacles were encountered which took several days 
to remove. 


Shortly after the first runs the A turbine experienced a mal- 
function in the circuit-breaker after an emergency Stop. Al- 
though the generator tried to rotate the locked turbine shaft 
for 110 sec no serious harm was done. The incident led to the 
installing of redundant protection systems for the generator 

as well as for the turbine. Repair and outage lasted two months 
as it was decided to take advantage of the situation to improve 


the electrical system (wiring and distribution box). 


During the winter the wind was extremely low for the season 
which called for delays and cancelling of planned tests. Once 


there the wind was often too strong for the planned stepped 
programme. 


Furthermore the A turbine experienced a severe leakage in the 
hydraulic system which forced an outage of 5 weeks. This hap- 
pened just after the completion of the proaramme. The turbine 
had been in automatic operation for about one week. Naturally 
the leakage was in the least accessible location, inside the 
main shaft. The surface of the main cylinder piston rod waz 


found not to be within specifications, and the sealing was 
severely damaged. 


It was decided on that occasion to improve the rotating union 
which transfers hydraulic fluid to the rotating hydraulic system, 


and to flush and clean the complete hydraulic circu:t. 


This also solved the problem that had caused a number of mal- 


functions of the hydraulic servo valve which controls the blade 
pitch. 
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The first connections of the generator were unsatisfactory, 
see fig. 10, 18. The computer processing of signals turned 
out to be too slow to keep up with the acceleration of the 
wind turbine at the moment of connection as well as with the 


power decrease rate at the moment of disconnection. 


ifi ive a reduction in 
Computer and programme were modified to gi 


| h | f bout 800 msec 
the signal processing for these sequences from abo 


to about 150 msec. 


Subsequent connections then showed satisfactory results, see 
€ 


All grid-related tests were verv satisfying. Full-load 
rejections initiate a normal stop sequence, only with a slight 
overspeed, fig. 12. Hereafter the turbine is still able to 
start automatically if all conditions are fulfilled 
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s of malfunction during such events 
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21 و 
result of tl constant blade angle‏ - 
rather fluctuating power as a result of the c‏ 
O‏ 


during operati 


- * 1 £ ` ሥና 4 C - dicates 
>] 0 cn B CUrD le — * 21 n ےہ‎ — < 
The corresponding graph of the B turbine (fig i 
q j of > pitch control system and a 
a reasonably good function of the pitch contr ነ 
high wind velocit;i the power 
fairly constant output. At high wind velocities t 0 


fluctuations are more dis 
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MAIN DATR 










In the case of the NIBE wind turbines a number of tests were 


HEIGHT TO HUBCENTRE 45 m 
ROTOR DIAMETER 40 m 
THREE BLRDES UPWIND POSITION 

SPEED OF OPERATION 33.8 rpm 












carried out in the workshop, but the fundamental experience 
which we have gained is that all tests that can be made un- 


assisted by the wind should be carried out in the workshop. 






































If this rule is observed throughout (mechanical wear, thermal 





tests, testing of the control system in a wind turbine simulator, 




























etc.) then the commissioning of one step of the programme by 










CYLINDRICAL GEAR vz 4:45 
RSeNCHEONOUS GENERATOR 4500 rpm 
GENERATED POWER 630 kW 


two or three persons who between them master the necessary | 
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technical spectrum will be a matter of a few days - presuming 
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| It should also be possible to reduce the number of steps to two. 





















A summary of a test programme revised in accordance with the 











CUT- IN WINDSPEED app. 5,5 m/sec 
CUT-OUT WINOSPEED 25 m/sec 
FULL-LORD WINDSPEED app. 45 m/sec 


) ` C* ` " f^ 
above is given in fig. 20. 
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COLD" TESTS. 












AERODYNAMIC BRRKE 











DISC BRAKE 













EMERGENCY STOP 





SEQUENCE START AND STOP 
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“HOT” TESTS. 




















VIMOHASTIGHED: ca. 6-6m/sek 






SEQUENCE. START AND STOP 
AND POWER CONTROL PERFORMANCE 


PROVE WR: 


IDRIFTSÆTNING MOLLE ል 
K2 
STOP MED 8-CYLIMORE 


Dato: 30-86-1979 
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PROTECTION SYSTEM CRITERIRE 
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FIG. 6a. 
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Tue THREE STEPS OF THE COMMISIONING 


PROGRAMME. B-TURBINE. 
PowER LIMITS SET ON COMPUTER . 








VUE | 
FIG. Z. 55 
AERO DYNAMIC BRAKE. 
A-TURBINE. 











FIG. 6b. 


COMMISSIONING PROGRAMME 
B- TURBINE 
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SYSTEMS CHECK - OUT 





24.4.80 kl. 18.00 ሃ 


Nordlig vind. 
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SYSTEMS CHECK -OUT 
(ELECTRICAL, MECH., Hv DR.) 



























FUNCTIONAL TESTS 
CSYSTEM MOST COMPLETE) 


SEQUENCE CHECK-OUT 
CDC“ MOTOR DRIVE) 


PROTECTION SYSTEM 
(ALL WINDINDE PENDENT CRITERIA) 







THERMAL TEST 
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NACELLE HUB, BLRDES ON TOWER 









BRRKE-TEST, EMERGENCY STOP 













GENERRTOR TO/FROM GRID 








PROTECTION SYSTEM 
CFEW WINDDEPENDENT CRITERIA) 


LORD REJECTION 









LOSS OF GRID 





FIG. 20 
TEST PROGRAMME. 
WINDINDEPENDENT BELOW. 
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24.4.80 kl. 16.00 
Nordlig vind. 


Skyggevirkning pa vindhastigheds- 


maler. 
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The size of the door at 
the gro | | 
to allow a lorry to pass ERA. m ዜድ 


The primary-shaft bearing and the gear-box is in order 


to detect early fault on th i 
e | 
Shock Pulse measuring IE ۳ equipped with 


Where it is possible, ቋ 
! , due to the constructio 
gear-box is provided with inspection doors m 


Waste oil and grease will be gathered in tanks at 


the basement floor b l | 
BUM uu Y a pipeline from the nacelle 


The need of compressed air for tools and so on wil] 


be supplied b i j 
e1 th. y pipline through the tower to the 


The yaw bearing ca i 
the nacelle. g n be inspected by a balcony outside 


H 


the design period the constructors endeavour‏ بی 
y use well tried components as well as to‏ 
as few components as possible. "m‏ 


The secondary shaft brak 
| | «es, the yaw motors 
pitching system have Separate hydraulic سوہ‎ ^ 


n the design phase the need of redundance in 
System has been discussed, in order to find out 


if a higher number of com | | 
the safety and availability. — really will increase 


እ el Û u clare — 


Berth Andersson 


The method is of course also applicable for dis- 
mantling the equipment if necessary. 


The method for erecting the pieces is choosen because 
it does not require big cranes and special equipment 
that can be difficult to get at a short notice if 

the procedure has to go the other way round. The 
situation may be different in the future if there 

are lots of units because then it is perhaps cheaper 
to invest in proper equipment to lift the pieces to 


the ground. 


I will now without going into too much details mention 
some of the considerations taken in the design to 
ease the maintenance and inspection. 


Blade & Hub: 


The blades will be possible to inspect from the outsi- 
de, from an inspection platform running on the before 
mentioned rails on the tower. The blade tip can be 
"locked" by wires to the ground if necessary. Minor 
repair works on cabling, corrosion protection etc 

can also be performed from the platform. 


The blades can be reached from the inside for a length 
of about 20 m from the hub. 


The blades have an automatic crack-detection system 

with thin wires in the corners of the load carrying 

box. This system is mainly a safety-system but 

might give an early indication of a crack that makes 


repair possible. 


The pitch bearings with its bolts can be reached from 
the outside by platforms. This makes easy access to 
the sealings and it is also possible to check the 
prestressing of the bolts. The bearings can theore- 
tically be changed without lowering the turbine to 
the ground but it is probably not cost effective. 


The turbine can by plunges, be locked in both hori- 
zontal and vertical position. This procedure is 
always used before entering of tbe hub and blades 


is permitted. 
Nacelle 


The gear-box and the generator can be dismantled and 
lowered through the tower. 


Special arrangements is made to make it possible to 


dismantle the yaw bearing without lowering the nacelle. 


Lifting equipment is installed in the nacelle able 
to lift two tons from the ground floor throuch the 


tower. 
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I centerline of the tower. The Speed of the secon- 
ary shaft and the generator is 1500 rpm. The gene- 
rator is fixed in the stationary part of the nacelle 

1 


which means that sliprings are not necessary for the 
power transmission to the ground. 


= nacelle can of course turn to align the turbine 
O the wind direction. This is done by hydraulic yaw 


motors. To keep the right ya iti 
ñ. e brakes. g Yaw position there are six 


The tower 1S a prestressed concrete construction with 
a diameter of 4,5 m at the top and 10,4 m at the 
base, The tower is placed on a concrete foundation 
with a diameter of 22,3 m and a height of 2,5 m. 


In the bottom of the tower there is a control room 
tees for generator switch-gears, computer svstems, 
atteries and a room for the staff. The outline for 


9 b 


ai. design of the heavy mechanical parts is now com- 
P eted and the production is going on. The tower will 
e built during this Summer and the nacelle and the 


The unit will be remotel ; 
y controlled from | 
centre some 60 kilometers away. "— 


Assembly 


The method for assembling the machinerv is perhaps 


somewhat different -ompared t i 
> ዕ 
mentioning. " other units and worth 


The nacelle, machinery and hub will be put togeth 

in the factory for testing. After that the وش‎ ፇቂ 
will be divided into three parts for transportation 
to the site with the equipment inside. The blades 

are separatly transported from Germany to Gotland 

At the site the lower and upper part of the nacelle 
7 put together again and lifted by a platform guided 
y two rails monted on the tower. At the top it is 


pushed ov 
መና መክ er and fixed to the tower by prestressed 


m2 uU blades are attached to the hub and 
nt part of the nacelle. This pi | 1 
۰ ° Piece is lifted in 
ہے ہے سے‎ Py I before and fitted to the rest 
f e wi e hinge. It is then nushee 1 
; 2 W p S | ፎር 4 
سیت‎ richt rosition by rods attached to the ኖች me 
-ne method for lifting and erecting the nacelle can 


be seen in fig €. The 
| " parts are then bolted to 
and the equipment inside is connected. — 


Some conside-ations regarding maintenance in the 
design of the Swedish prototyp Násudden 


I come from the Swedish State Power Board, a public 
utility in Sweden and represent the National Swedish 
Board for Energy Source Development or NE, 


I will first give some very brief facts of our company 
SSPB. As I mentioned before we are a public utility 
with about 11500 employees. We build and operate power 
plants and we are responsible for the transmission 

and distribution of high voltage electricity in Sweden. 
We are producing about half of the total demand of 
electricity in our country, in nuclear and conventional 
thermal power plants and in hydro power plants. 


In the Swedish wind energy programme we have been 
contracted by NE to act as their representatives 
during the design construction and commissioning of 
one of the two prototypes in the programme. 


we are responsible for is the so-called 
Násudden power plant. It will be located on the 
Southern part of the island of Gotland in the Baltic 
sea. The location can be seen on the map in fig 1 


and fig 2. 


The main contractor for the unit is KaMeWa at 
Kristinehamn in Sweden normally making water turbines 
and propellers. Their subcontractors for the bl des 
is ERNO in Germany. 


The prototypo, seen in fig 3 is a horizontal axis, 
two-bladed machine. The rotor diameter is 75 m and 
the hub height is 77 m. The rotor speed is 25 rp m 
and rated power is 2 MW at a wind speed of about 

13 m/s. The blade is made of a load carrying steel 
box, welded an bolted with GRP panels attached to 

it to form the nose and the traling edge. Each blade 
weights approximately 20 tons. 


The hub is rigid made of two crossing cylinders. 
The blade attachment includes the pitchbearings. The 
blade being fully pitched. The hub and nacelle can be 


seen in fig. 4. 


The nacelle is a shell construction of 15 mm steel- 
plates. 


The primary sheft has one separat bearing, a roller 
bearing, and the gearbox contains the other bearing. 


The gearbox has two planetary steps and one bevel 
gear step so that the secondary shaft is parallel to 
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